T h e analysis of plant proteins has a long and distinguished history, with work dating back over 250 years. Much of the work has focused on seed proteins, Lvhich are important in animal nutrition and food processing. Early studies classified plant proteins into groups based on solubility (' Osborne fractions') or protein function. More recently, families have been defined based on stuctural and evolutionary relationships. One of the most widespread groups of plant proteins is the prolaminin superfamily, which comprises cereal seed storage proteins, a range of low-molecular-mass sulphurrich proteins (many of which are located in seeds) and some cell wall glycoproteins. This superfamily includes several major types of plant allergen : non-specific lipid transfer proteins, cereal seed
Introduction
Plant protein chemistry has a long and distinguished history, with the isolation of the gluten proteins of wheat being reported over 250 years ago (in 1745) by Jacopo Beccari at the University of Bologna. T h e rich stores of proteins in seeds have since proved to be attractive to other chemists, particularly T. B. Osborne, who published studies of seed proteins from over 30 plant species over the period 1886-1 928 [l] . Similarly, globulins were among the first proteins to be crystallized (edestin from hemp in 1881 and several others in the 1880s and 1890s), while a range of protein toxins, including ricin from castor bean, were isolated and characterized over the same period [l] . Seed globulins were also among the first proteins to be characterized by ultracentrifugation [2, 3] .
Although convenience of preparation is clearly an advantage, much of the interest in proteins from seeds and other plant tissues is driven by their importance in food, either their nutritional quality for livestock or their functional properties for food processing. More recently, increasing emphasis has been placed on the role of plant proteins as allergens, particularly in Europe and the U.S.A., and in relation to novel and transgenic foods. T h e present article, therefore, provides a brief overview of the structures and evolutionary relationships of the groups of plant proteins that include components involved in food allergies.
Classification of plant proteins
A range of criteria has been used to define and classify plant proteins. Osborne and other pioneers based their classifications on extraction and solubility in a series of solvents, i.e. water (albumins), dilute saline (globulins), alcohol/water mixtures (prolamins) and dilute acid or alkali (glutelins), and these terms are still used today, particularly by cereal scientists. More recently, attention has focused on function (or putative function), as used to classify the proteomes encoded by the genome of Arabidopsis (a 'model' plant related to cultivated brassicas) and rice [4, 5] .
T h e most logical classification is, perhaps, based on structural and evolutionary relationships, as used for compiling the Pfam database of plant protein families (http ://www.sanger.ac.uk/ Software/Pfam/). Furthermore, it is possible to group some of the Pfam families together to form larger superfamilies which have little overall sequence similarity but do share conserved structural features, such as patterns of disulphide bonds.
Assignment of characterized allergens to Pfam families shows that over 50oj, fall into just two such groups, called the prolamin and cupin superfamilies. T h e latter are the subject of another article in this colloquium. We will, therefore, focus the rest of this article on the prolamin superfamily.
Prolamin superfamily
T h e prolamin superfamily is an excellent example of a superfamily of proteins with limited sequence identity as defined by Dayhoff [6] . T h e existence of the superfamily was first proposed by Kreis et al. [7], based on visual comparisons of amino acid sequences which showed a conserved 'skeleton ' of eight cysteine residues spaced as follows: C-X,-C-X,-CC-X,-CXC-X,-C-X,-C.
T h e presence of C C and CXC motifs is particularly unusual and has since facilitated the identification of further members of the superfamily that show little or no other sequence identity.
T h e vast majority of the characterized members of the prolamin superfamily are seed proteins, which can be broadly divided into two types. Low-molecular-mass sulphur-rich seed proteins (Figure 1) as " 4 helices; folded leaf; right-handed superhelix; disulphide-rich ". Although there is high conservation of cysteine residues, these may form different patterns of disulphide bonds in the different protein groups (e.g. being different in the lipid transfer proteins compared with the other proteins shown in Figure 2 ).
T h e prolamins themselves form the second major type of protein classified in the superfamily. Prolamins are storage proteins of cereal seeds and are characterized by their insolubility in water but solubility in alcohol/water mixtures. In addition, they often have unusual amino acid compositions, being particularly rich in proline and glutamine [14] . We now know that the prolamins themselves are immensely diverse in structure, with the major prolamins of maize (a-zeins) and closely related ' panicoid ' cereals (millets, sorghum) forming an apparently distinct group. Furthermore, many prolamins are complex multi-domain proteins, with one or more domains comprising repeated sequences based on the re-iteration of one or more short peptide motifs.
No detailed structural information is available on the non-repetitive domains of prolamins which are related in sequence to other members of the prolamin superfamily, but spectroscopic and predictive studies indicate that they resemble the other members in being rich in a-helices and with intra-chain disulphide bonds [15, 16] .
T h e repetitive domains of the prolamins have been studied in more detail, although a failure to obtain high-quality crystals or to determine threedimensional structures by N M R spectroscopy has resulted in the need to adopt a range of hydrodynamic, spectroscopic and predictive approaches. This has demonstrated that the repeated sequences may form highly organized extended structures, including @-spirals based on @-reverse turn and poly-L-proline I I structure in C hordein of barley (consensus motif PQQPFPQQ) and high-molecular-mass glutenin subunits of wheat Figure I Dendrogram summarizing the sequence relationships of small sulphur-rich seed proteins of the prolamin superfamily (consensus motif PGQGQQ; GYYPTS[P/L]QQ; GQQ) [15, 17] . In the latter, this structure (Figure 3 ) may contribute to the elastomeric properties of wheat gluten which underpin the use of wheat in the food industry. A further group of proteins that can be identified (based on the presence of the conserved cysteine skeleton) as members of the prolamin superfamily are hydroxyproline-rich cell wall glycoproteins [ 181.
Prolamin superfamily as food allergens
Classification of the proteins encoded by the Arabidopsis genome demonstrates that the prolamin superfamily is one of the largest families in the genome, with the trypsinla-amylase inhibitor family (which also contains 2 S albumins and lipid transfer proteins) alone being the 30th largest in the genome, with 96 members (as of February 2002).
However, the prevalence of members of the superfamily as allergens is much greater than can be accounted for on the basis of the abundance 909 of the proteins. The Food Allergy Research Resource Program (Farrp) database (http ://www. allergenonline.com/) contains 98 unique proteins of known sequence that are classified as food allergens, of which 32 (i.e. -33 %) fall into the trypsin/a-amylase inhibitor family. These include proteins from a botanically diverse range of species, including cereals and crops consumed as fruits, nuts and vegetables. In addition, wheat prolamins have also been implicated in dietary allergy, with symptoms including atopic dermatitis and exercise-induced anaphylaxis [19-211. Consequently, the prolamin superfamily currently forms the largest and most widely distributed group of plant food allergens.
